The present study was designed to investigate the effect of 02 on intracellular Ca concentration ([Cali) in the ductus arteriosus and the mechanisms for 02-induced ductal contraction. The force of isometric contraction of the ring of the ductus arteriosus isolated from fetal rabbits at 30 days of gestation (term, 31 days) was measured. The ductus arteriosus was loaded with fura 2, a calcium-sensitive dye, and [Cali was determined from the ratio of fluorescence intensity at 340 and 380 nm excitation wavelengths. The ductus arteriosus was initially superfused with hypoxic control solutions and contraction was induced by application of oxygenated solutions. The 02-induced contraction of the ductus arteriosus was associated with increases in [Cai; and was eliminated in the absence of extracellular calcium. An increase in [K]. from 5 to 50 mM, which causes membrane depolarization, induced ductal contraction. The calcium channel blockers verapamil, diltiazem, and nickel caused a similar inhibition of 02-induced contraction as well as KCl-induced contraction. The role of intracellular calcium stores in 02-induced ductal contraction was examined using ryanodine, an inhibitor of calcium uptake and release from the sarcoplasmic reticulum. The inhibition of 02-induced contraction by ryanodine was minimal. Infusion of glibenclamide, an inhibitor for opening the ATP-sensitive potassium channel, caused contraction of the ductus arteriosus in the hypoxic solution. Cromakalim, an opener of ATP-sensitive potassium channels, completely relaxed the contraction induced by 02. These data suggest that 02 increases [Ca] and causes contraction in the ductus arteriosus. Application of 0, may change from anaerobic to aerobic metabolism and depolarize membrane potential by closing the ATP-sensitive potassium channel, which in turn increases calcium influx via the voltage-dependent calcium channel. Mechanisms other than the ATP-sensitive potassium channel may also be involved in the 02-induced contraction and remain to be studied.
D uring fetal life, the ductus arteriosus is open, closing soon after birth. The constrictor effect of 02 on the ductus arteriosus has been shown in several investigations1-3 and the main mechanism of ductal closure after birth is thought to be increased arterial Po2 after initiation of respiration.' Roulet and Coburn4 showed that application of 02 depolarized the membrane potential in the ductus arteriosus. Recent studies using the aorta have shown that vascular smooth muscle contraction is modulated by [Ca] ,.5-8 Since the Ca channel opens when the membrane potential is depolarized, it is possible that O2-induced contraction is caused by membrane depolarization, which in turn increases [Ca] i. However, the relation between [Ca]i and ductal contraction has not been studied previously. The present study was designed to investigate the effect of 02 on [Ca]i in the ductus arteriosus and elucidate the mechanisms for the O2-induced ductal contraction.
Materials and Methods Experiments were performed in a ring of the ductus arteriosus isolated from the fetal rabbit at 30 days of gestation (term, 31 days). After the doe was killed by a sharp blow to the head, the fetuses were delivered by caesarian section and used within 5 minutes after delivery. The fetal rabbits were killed by a sharp blow to the head, and the ductal tissue was excised from the chest cavity using a dissecting microscope (model SMZ, Nikon, Tokyo). The ductus arteriosus was placed in a HEPESbuffered solution equilibrated with room air and the surrounding tissues were removed under the dissecting microscope.
For [Ca] i determination, the ductus preparation was placed in a tissue bath that was mounted on the stage of an inverted microscope (model TMD, Nikon). The experimental setup was similar to that described by Bukoski et al. 8 Two thin (0.22 mm in diameter) stainless wires (Elgiloy, Denver, Colo.) were inserted through the lumen of the ductus. One wire was fixed to the hook that was attached to the wall of the tissue chamber (volume, 0.5 ml), and the other wire was fixed to the hook that was connected to the force transducer (Kulite Semiconductor Products, Ridgefield, N.J.).
For a mechanical function study without [Ca] i determination, the ductus preparations were placed in tissue baths in a fashion similar to that used for [Ca]l determination but not on the inverted microscope.
Solutions
The control Krebs-Henseleit solution contained (mM) NaCi 118, KCl 5, CaCI2 1.5, glucose 6, MgC12 1, NaHCO3 24, NaH2P04 0.436. The solution was equilibrated with either 95% N2-5% CO2 or 95% 02-5% C02, yielding a final pH of 7.38-7.42, Pco2 of [35] [36] [37] [38] [39] [40] [41] [42] mm Hg, and Po2 of 22-25 mm Hg (hypoxic solution) or 660-690 mm Hg (oxygenated solution). The Po2 of the hypoxic solution was similar to the Po2 of blood in the ductus arteriosus (16-18 mm Hg) and in the descending aorta of the fetal sheep (20-22 mm Hg).9 The Po2 in the oxygenated solution was higher than the Po2 of the arterial blood in the aorta after birth (80-90 mm Hg). Fay3 studied the relation between Po2 and the force of contraction in the isolated ductus arteriosus of the fetal sheep and showed that the response to 02 at a Po2 of 80-90 mm Hg was variable and that constant ductal contraction was observed at a Po2 greater than 200 mm Hg. Although the Po2 of the oxygenated solution in the present study was higher than the physiological value, the high Po2 was used in the present study to induce constant ductal contraction.
The HEPES solution contained (mM) NaCl 142, KCl 5, CaCl2 1.5, glucose 6, MgC12 1, HEPES 5, pH 7.4 with 1 M NaOH. The HEPES solution was used when NiCl2 was added to the solution and was equilibrated with either 100% N2 or 100% 02 (P02, 23 or 790-810 mm Hg, respectively). In potassium-rich solutions (50 mM KCI), the NaCl was replaced, mole by mole, with KCI. In a calcium-free solution, CaCl2 was replaced with 1 mM EGTA. Verapamil (Sigma Chemical Co., St. Louis, Mo.) or diltiazem (Nakarai Chemical, Tokyo) was directly added to the Krebs-Henseleit solution. NiCl2 was dissolved to 1 M in distilled water and aliquots of the stock solution were diluted to 1 mM in HEPES solutions. A stock solution of noradrenaline (10`M) (Nakarai Chemical) containing 10-3 M ascorbic acid was made just before use and diluted to a final concentration of 10`5 M in a Krebs-Henseleit solution.
Cromakalim (a gift from SmithKline Beecham Pharmaceuticals, Tokyo) and glibenclamide (a gift from Hoechst Pharmaceuticals, Tokyo) were dissolved in dimethylsulfoxide (DMSO) as stock solutions of 10`M; aliquots of the stock solutions were diluted 400 times into Krebs-Henseleit solutions. Fura 2 and fura 2-AM were purchased from Dojin Chemical Co., Kumamoto, Japan. Dimethyl sulfoxide (DMSO) was purchased from Eastman-Kodak, Rochester, N.Y. Fura 2 and fura 2-AM were dissolved in DMSO to 1 mM. Cremophor EL (Sigma) was diluted to 25% with DMSO. Fluorescence Measurements Fura 2-AM was dissolved in a HEPES solution, as described previously.10 In brief, a mixture was made of 100 gl. of 1 mM fura 2-AM in DMSO, 26 gtl of 25% cremophor EL, and 500 gl of fetal calf serum. The mixture was added to 20 ml HEPES solution equilibrated with air and mixed well. The flask containing this solution was placed in the water bath of an ultrasonicator (Hitachi, Tokyo, Japan) and sonicated for 20 minutes. Before dye loading, autofluorescence of the ductus using a HEPES solution equilibrated with 100% N2. The ductus preparation was then superfused with the solution equilibrated with room air and containing either 5 ,tM fura 2 or fura 2-AM for 3-5 hours at room temperature (22-24°C) . After the dye-loading, the ductus preparation was superfused for 30 minutes with dye-free solutions to wash out extracellular fluorescent dye. The experiment to measure [Ca]i was then started.
In experiments using fura 2, excitation radiation of 340and 380-nm wavelengths were obtained alternatively using a xenon lamp (450-W), two monochromators and a chopper (Spex, Edison, N.J.). The emitted radiation passed through a 505 -nm band-pass filter and its intensity was measured by a photomultiplier (Hamamatsu Photonics R928, Hamamatsu, Japan). The intensity of fura-2 fluorescence at 505 nm during excitation at each wavelength was observed for 1 second at 5-second intervals. The interval between acquisition of the 340-nm excitation and that of the 380-nm excitation was 1 second. The fura 2 fluorescence ratio was then calculated as follows: ratio=(fluorescence at 340-nm excitation-autofluorescence at 340-nm excitation)/(fluorescence at 380 nm excitation-autofluorescence at 380 nm excitation). The magnitude of the autofluorescence was 20% and 27% of the total fluorescence at 340 and 380 nm excitation wavelengths, respectively (n=29). In some experiments, the effect of 02 on autofluorescence was studied in the ductus without fura 2 loading.
Experimental Protocol
All ductal rings were initially stabilized for 30 minutes in either Krebs-Henseleit solution or HEPES solution under hypoxic conditions at 37°C. During this period, the resting tension was adjusted to 300-600 mg (mean, 400 mg).2'3'1' In a preliminary study in which the resting tension-developed tension relation was examined, at a resting tension of 400 mg, developed tension (total tension-resting tension) induced by 50 mM KCl was 80% of maximal level. This value of resting tension was chosen to avoid any overstretching of the vessel. The ductus contraction was induced by three methods: 02, 50 mM KCl, and 10-5 M noradrenaline. In experiments in which ductal contraction was induced by 02, the control hypoxic solution was exchanged for the oxygenated solution. After the force reached the new steady state, the solution was again returned to the hypoxic solution. The ductus contraction was induced by 50 mM KCl or 10-5 M noradrenaline in hypoxic solutions. The effect of the calcium-free solution, verapamil, diltiazem, NiCI2, ryanodine, cromakalim, or glibenclamide on ductal contraction was also measured. In each ductus preparation, usually only two contractions were induced: the first contraction without inhibitors and the second contraction with inhibitors. The developed force of the second contraction was expressed as a percentage of the force of the first contraction. Inhibitors were administered 10-20 minutes before induction of the second contraction. In a preliminary experiment, the force of the second contraction without inhibitors was 97+3% of the first contraction, and there was no significant difference between the force of the two was measured for 30 seconds under hypoxic conditions contractions (n = 5). 1 .03±0.12 (n=3) RT, Resting tension; DT, developed tension (total tension-resting tension). There were no significant differences between 02-induced DT, KCl-induced DT, and noradrenaline-induced DT.
Statistical Analysis
Results were expressed as mean±SEM. Statistical significance of difference between group means was determined using Student's t test. Percent changes were compared using the nonparametric method (Wilcoxon's rank sum test). A value of p<0.05 was considered significant.12"3 A. 
Results
Increases in Po2 in the solutions caused contraction of the ductus arteriosus (Table 1 ). Upon increasing the Po2, fluorescence intensity at 340-nm excitation increased and that at 380-nm excitation remained unchanged ( Figure 1A ). As a result, the fluorescence ratio (340/380 nm) increased significantly (p<0.001) from ductus loaded with fura 2, respectively (n = 29). Upon increasing the Po2, the autofluorescence intensity at 340 nm decreased by 8±--1% and that at 380 nm did not change significantly (n = 10) ( Figures 2 and 3 ). The decrease in autofluorescence at 340-nm excitation after oxygenation is most likely due to the decrease in the concentration of fluorescent substances, such as reduced pyridine nucleotides, after changing from anaerobic to aerobic metabolism.14 Since autofluorescence intensity at a lOW Po2 was used for calculation of the fluorescence ratio (see "Materials and Methods"), the increase in the ratio observed upon increasing the Po2 was underestimated by about 2%.
We next examined the mechanisms for the 02-induced contraction. In the absence of extracellular calcium, the 02-induced increase in [Ca] , and contraction of the ductus arteriosus were eliminated (n = 7) ( Figure  3 ), suggesting that the increase in [Ca] , requires extracellular calcium. Recent studies suggest that there are three possible pathways for the increased calcium influx across the sarcolemma: a voltage-dependent calcium channel, a receptor-dependent calcium channel, and Na-Ca exchange. 15,16"17 High [K]0, which depolarizes membrane potential and stimulates the voltage-dependent calcium channel, caused ductal contraction (Table 1) . Upon infusion of high [K]o solution, the fura 2 fluorescence ratio in-creased significantly (p<0.OOl) from 2.82±40.12 to 3.15±f-0.12 (n=8), and the net increase of the ratio (0.33) was similar to that observed with 02-induced contraction (0.35).
Verapamil (10- . increased the fluorescence ratio (from 2.80±0.13 to 3.00±0.16, n=8), but the net increase in the ratio was 0.2, which was about 60% of that observed in the absence of verapamil.
Since the high concentration of calcium channel blockers only partially reduced the KCI-induced ductal contraction, the possibility that a high [K]0, induced a release of endogenous catecholamine, enhancing the ductal contraction, was examined using an a-adrenergic blocker. In the presence of phentolamine (106 M), verapamil (10-M) decreased the 50 mM KCI-induced contraction to 51±5% of the control (n =3), which was not significantly different (p>0.05) from that obtained in the absence of phentolamine (47%). Addition of 0.5 caused contraction of the ductus, and NiCl2 (1 mM) inhibited the noradrenaline-induced contraction to 28+2% of the control (n=4) ( Figure 6 ). This degree of inhibition was significantly less (p<0.01) than that obtained in O2-induced (11±4%, n=8) or KCl-induced (16±2%, n=8) contraction. Verapamil (10-6 M) inhibited the noradrenaline-induced contraction to 88±1% of the control (n=9) which was significantly less (p<0.05) than that observed in the 02-induced or KCl-induced contraction (79%). These data suggest that the mechanism of 02-induced contraction and that of noradrenaline-induced contraction may be different, at least in part. Ryanodine inhibits calcium uptake and release from the sarcoplasmic reticulum.20'21 The 02-induced increase in calcium entry across the sarcolemma may cause calcium release from the sarcoplasmic reticulum. The role of intracellular calcium stores in O2-induced ductal contraction was examined using ryanodine. Ryanodine (25 ,uM) inhibited 02-induced contraction only to 83±10% of the control (n= 12) (Figure 7 ), suggesting that the role of the sarcoplasmic reticulum in the 02-induced contraction is minimal.
The experiments using calcium antagonists (Figures 4 and 5) suggested that the 02-induced contraction of the ductus arteriosus is at least partly dependent on the calcium influx via the voltage-dependent calcium channel. The calcium channel opens when the membrane potential is depolarized. The membrane potential is partly regulated by potassium conductance, and changes in Po2 may alter the membrane potential by opening or closing potassium channels. In cardiac muscles, hypoxia decreases tissue ATP level and opens the ATP-sensitive potassium channel.2223 The ductus arteriosus may be relaxed during hypoxia because the potassium channel is open and the membrane potential is hyperpolarized. To investigate this possibility, we examined the effect of glibenclamide, which inhibits the opening of the ATPsensitive potassium channel.24,25 Glibenclamide (4 ,gM) caused contraction of the ductus arteriosus in the hypoxic solution (developed force, 1.2+0.3 g, n=5) ( Figure 8A ). This drug induced little additive contraction in the ductus that had been contracted by 02 ( Figure 8B) , and in the presence of this drug, changing from the oxygenated to the hypoxic solution did not cause ductal relaxation. Furthermore, 02 induced little additive contraction in the ductus that had been contracted by glibenclamide. These data may suggest that a hypoxic condition opens and 02 closes the ATP-sensitive potassium channels in the ductal smooth muscle.
Cromakalim opens ATP-sensitive potassium channels and causes vascular relaxation. 24 did not change resting tension in the hypoxic solution (n =3) ( Figure 9A ) but completely relaxed the contraction induced by 0, (n=5) ( Figure 9B ). In the presence of glibenclamide (4 KiM), 4 gtM cromakalim had no vasorelaxant effect on the 02-induced ductal contraction (n=3). The effect of cromakalim on the noradrenaline-induced contraction was also examined. Upon infusion of cromakalim (4 4i.M), the developed tension induced by noradrenaline (10`M) decreased transiently to 60±+7% of control but recovered to 80 ±-5% (n=4) (Figure 10 ). In the present study, cromakalim had no vasorelaxant effect on KCI-induced contraction (n=3). However, this finding is plausible for the following reason. The difference between membrane potential and potassium equilibrium potential allows potassium channel openers to induce potassium effiux and membrane hyperpolarization, resulting in vascular relaxation. The vasorelaxant effect of cromakalim would be reduced at a high [K]0,, wherein the potassium equilibrium potential is decreased', thus reducing the potassium efflux inducible by potassium channel openers.26
Discussion
The present study demonstrated, for the first time, that 02-induced contraction of the ductus arteriosus is associated with an increase in [Cali. It was also shown that ductal contraction does not occur without extracellular calcium, suggesting that 02-induced ductal contraction requires calcium entry across the sarcolemma.
How 02 increases calcium entry from the extracellular space and causes a rise in the [Ca]i remains unclear, but there are three possible pathways for the calcium entry: a voltage-dependent Ca channel, a receptor-dependent calcium-channel, and Na-Ca exchange. 15"16'27 Verapamil and diltiazem block L-type calcium channels and nickel (< 1 mM) blocks T-type calcium channels.
Mitra and Morad18 showed that 5 mM Ni blocked T-type and L-type calcium channels equally. Nickel also blocks Na-Ca exchange.'7 We used these calcium blockers to determine the mechanisms of the 02-induced [Ca] , rise. In the present study, the antagonists of the voltage-dependent calcium channel, verapamil, diltiazem, and nickel, inhibited the 02-induced contraction of the ductus arteriosus, and the effect of these inhibitors on the 02-induced contraction and that on the KCI-induced contraction were similar ( Figure 5 ). This supports the hypothesis that 02 induces membrane depolarization, which in turn increases calcium entry via calcium channels.
The reason that high concentrations of verapamil and diltiazem (10-M) did not inhibit the ductal contraction completely remains unclear. However, there are several possible explanations for this finding. One possibility is that both L-type and T-type calcium channels are important for the 0,-induced [Ca]i rise in the ductal tissue. Since both verapamil and diltiazem block the L-type calcium channel, these drugs may inhibit ductal contraction only partially. The second possibility is that potassium-induced and0,-induced ductal contraction are not mediated by a single mechanism. If potassiuminduced ductal contraction is caused by an increased calcium influx via both calcium inward current and Na-Ca exchange upon membrane deporalization,' yerapamil and diltiazem may only partially inhibit the ductal contraction. Since there is no specific blocker for Na-Ca exchange, it is difficult to estimate the extent of the contribution of Na-Ca exchange to the 0,-induced ductal contraction. Further, to determine the importance of T-type and L-type calcium channels, direct measurements of these currents must be performed.
The role of the receptor-dependent calcium channel on the 0,-induced contraction was examined using noradrenaline. Noradrenaline stimulates the receptordependent calcium channel as well as calcium release from the sarcoplasmic reticulum.'9 The inhibitory effect Noradrenalin (1 05M) of nickel on noradrenaline-induced contraction was less than that on 02-induced contraction, suggesting that the mechanism of an 02-induced contraction may not be identical to that of a noradrenaline-induced one. This finding is in agreement with the previous reports of Kovalcik2 and Oberhansli-Weiss et al,28 who showed that a-adrenergic blockers did not inhibit the 02-induced contraction of the ductus arteriosus. From these data, it is unlikely that 0, stimulates a-receptors and causes a [Ca]i rise.
Calcium release from the sarcoplasmic reticulum can be induced by calcium entry from the voltage-dependent calcium channel. The role of intracellular calcium stores in 02-induced contraction was studied using ryanodine. Ryanodine inhibits calcium uptake and release from the sarcoplasmic retiCUlum.2' It has been shown that 25 AtM ryanodine inhibited noradrenalineinduced contraction of the rabbit thoracic aorta to 57% of the control in the adult, to 75% of the control in the newborn, and to 97% of the control in the 27-day fetus.2 In the present study using 30- a '02 ryanodine inhibited O2-induced contraction to 83% of the control. These data suggest that the development of the sarcoplasmic reticulum in the ductus arteriosus is similar to that in the aorta and that the role of the sarcoplasmic reticulum is not a major one in the O2induced contraction of the ductus arteriosus.
Roulet and Coburn4 showed that 02 depolarized the membrane potential in the ductus arteriosus. It is possible that the O2-induced contraction is caused by membrane depolarization, and the present data using calcium blockers supported this hypothesis ( Figure 5 ). The membrane potential is partly regulated by potassium conductance and changes in Po2, and tissue ATP levels may alter the membrane potential by opening or closing the potassium channels. It has been shown that hypoxia decreases the tissue ATP level and opens the ATP-sensitive potassium channel in cardiac muscles. 23 Therefore, it is possible that the ductus arteriosus is relaxed during hypoxia because the potassium channel is open and the membrane potential is hyperpolarized. This possibility was examined using glibenclamide, which inhibits the opening of the ATP-sensitive potassium channel.2425 In the present study, glibenclamide did cause contraction of the ductus arteriosus in the hypoxic solution. This finding is in agreement with the hypothesis that the ductus arteriosus may be relaxed under hypoxic (control) conditions because the membrane potential is hyperpolarized.
Whether decreases in Po2 of the perfusate to 20-30 mm Hg reduce the tissue ATP level at the site controlling the potassium channel opening remains unclear. Scott and Coburn30 have shown that this level of hypoxia does not reduce the tissue ATP content in the aortic ring preparation. However, Fay3 showed that oxygen consumption of the isolated ductus arteriosus, which was greater than that of other vascular smooth muscles, started to decrease from a Po2 of 146 mm Hg and continued to decrease to one third at Po2 of 31 mm Hg. Therefore, it is possible that, in the ductal preparation, decreases in Po2 of the perfusate to 20-30 mm Hg reduce the tissue ATP level. Fay3 also showed that mitochondrial inhibitors such as cyanide and dinitrophenol reduced the O2-induced ductal contraction, suggesting that ATP production via oxidative phosphorylation is required for ductal contraction. Although the tissue ATP level was not measured directly in the present study, a relative amount of reduced pyridine nucleotides, such as reduced nicotinamide adenine dinucleotide (NADH), was estimated from autofluorescence intensity excited by 340 nm radiation.14 Tissue NADH content increases when ATP production by oxidative phosphorylation decreases, and therefore the NADH fluorescence is an excellent indicator of tissue anoxia. 31 In the present study, autofluorescence at 340-nm excitation decreased upon perfusion with an oxygenated solution (Figure 2 ), suggesting that the intracellular concentration of reduced pyridine nucleotides decreased upon oxygenation. This indicates that under the control (hypoxic) conditions, the activity of oxidative phosphorylation is depressed and ATP production is limited.
Cromakalim opens ATP-sensitive potassium channels and causes vascular relaxation.24 Cromakalim (4 ,M) did not change resting tension during hypoxia ( Figure  9A ) but it completely relaxed the contraction induced by 02 ( Figure 9B ). These data also support the hypothesis that 02 induces membrane depolarization and causes a rise in [Ca]l, which in turn induces contraction of the ductus arteriosus. One may argue that the vasorelaxant effect of cromakalim is nonspecific and that this drug may decrease the vascular contraction induced by any mechanism. However, this drug only partially relaxed the noradrenaline-induced contraction in the present study, suggesting that the vasorelaxant effect of cromakalim is not potent when potassium channels are not involved in the vascular contraction.
It is generally accepted that the ductal closure after birth is primarily induced by 02.1 Although 02 may increase the synthesis of prostaglandin F2a or thromboxane A2, and these compounds may facilitate O2-induced ductal contraction,32 it is unlikely that prostaglandins play a direct role in the closure of the ductus arteriosus. 1 Cytochrome P-450 may mediate the oxidation of NADH33 or the formation of vasorelaxant substances from organic nitrates or arachidonic acid,34-36 and its activity varies, depending on the degree of saturation with°23334 Coceani et al37, 38 have suggested that cytochrome P-450 products play an important role in the regulation of contractile tension of isolated ductus arteriosus of the lamb. However, the cytochrome P-450 products regulating ductal contraction have not been identified, and it remains to be clarified whether this enzyme system is important as an 02 sensor in the ductus arteriosus in species other than lamb.
The possibility that changes in Po2 alter the activity of endothelium-derived contracting factor (endothelin) or relaxing factor in the vascular vessels has been proposed by several investigators.3940 However, the function of endothelium is not fully developed in the vessels of the fetal animal.41 Furthermore, it has been shown that acetylcholine, which releases endothelium-derived relaxing factor, causes ductus constriction,2,28 rather than relaxation, suggesting that the activity of endotheliumderived relaxing factor is not significant in the ductal tissue. Whether endothelin is involved in the 02-induced changes in contractile function, membrane potential, and/or [Ca]i in the ductal tissue remains to be clarified.
In conclusion, 02 causes ductal contraction by increasing [Ca]i. Application of 02 may change from anaerobic to aerobic metabolism and depolarize the membrane potential by closing the ATP-sensitive potassium channel, which in turn increases calcium influx via the voltage-dependent calcium channel. Mechanisms other than the ATP-sensitive potassium channel may also be involved in the 02-induced contraction and remain to be studied.
